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I n t r o d u c t i o n  

The e x t e n s i v e  Athabasca  o i l  s a n d s  are assuming a n  i n c r e a s i n g  
role i n  s u p p l y i n g  C a n a d a ' s  l i q u i d  h y d r o c a r b o n  needs .  One commercial 
p l a n t ,  Suncor I n c . ,  h a s  o p e r a t e d  s i n c e  1967.  I t  e x t r a c t s  b i tumen 
from the o i l  sands  and s u b s e q u e n t l y  u p g r a d e s  t o  synthetic c r u d e  o i l .  
Syncrude Canada Ltd. which i s  d e s i g n e d  t o  p r o d u c e  109 ,000  barrels o f  
s y n t h e t i c  c r u d e  p e r  d a y ,  began p r o d u c t i o n  i n  1978. Fundamental  t o  
the s u c c e s s f u l  u t i l i z a t i o n  o f  t h i s  o i l  s a n d  resource and t o  the 
economic o p e r a t i o n  o f  the  e x t r a c t i o n  p l a n t  i s  a reliable a n a l y t i c a l  
method f o r  the a n a l y s i s  o f  b i tumen r ich f r o t h  c o l l e c t e d  from the h o t  
water e x t r a c t i o n  p r o c e s s .  This f r o t h  must be f u r t h e r  t r e a t e d  t o  
remove s o l i d  p a r t i c l e s  and water. The p u r i f i c a t i o n  p r o c e s s  c o n s i s t s  
of  a d i l u e n t  a d d i t i o n  s t ep  t o  l i g h t e n  the hydrocarbon d e n s i t y ,  t w o  
c e n t r i f u g i n g  s t a g e s  t o  remove s o L i d s  and water, and a d i l u e n t  
r e c o v e r y  s tep.  A n a l y t i c a l  i n s p e c t i o n  o f  these process streams 
i n c l u d e s  a n a l y s i s  f o r  b i tumen,  d i l u e n t ,  w a t e r  and s o l i d s .  The 
a n a l y s e s  a re  needed f o r  process c o n t r o l  and  m a t e r i a l  b a l a n c e  
c a l c u l a t i o n s .  

The c u r r e n t  d e t e r m i n a t i o n  o f  b i tumen,  d i l u e n t ,  w a t e r  a n d  
s o l i d s  i s  performed by s e p a r a t i n g  the sample i n t o  t h e  i n d i v i d u a l  
components. The s o l v e n t / h y d r o c a r b o n  s o l u t i o n  must b e  f u r t h e r  
a n a l y z e d  f o r  d i l u e n t  ( n a p h t h a )  and b i tumen c o n t e n t .  Bitumen i s  
u s u a l l y  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  w h i l e  d i l u e n t  ( n a p h t h a )  i s  
e i ther  d e t e r m i n e d  by d i E f e r e n c e  or  by  G.C. ( 2 ) .  The m o s t  common 
problems w i t h  t h e s e  methods are t h e  g r e a t e r  s o u r c e s  of e r r o r s  
i n v o l v e d  ( 2 ) .  I f  the  n a p h t h a  i s  d e t e r m i n e d  by d i L f e r e n c e  a l l  t h e  
errors w i l l  accumula te  i n  the  r e s u l t s  f o r  t h i s  component. I n  the 
G.C. method errors w i l l  a r i s e  from d i l u t i o n  and the  s m a l l  volume 
r e q u i r e d  f o r  i n j e c t i o n  (1 u l )  ( 2 ) .  A l s o  the  a d s o r p t i o n  o f  a s p h a l t -  
e n e s  from bi tumen on t h e  column p a c k a g i n g  mater ia ls  l i m i t s  the  u s e  
of G.C. f o r  the  e s t i m a t i o n  of the  d i l u e n t  i n  the p r e s e n c e  O C  
bitumen.  

I n  t h i s  p a p e r  we r e p o r t  the  p r o t o n  nmr r e s u l t s  f o r  t he  
q u a n t i t a t i v e  e s t i m a t i o n  o f  b i tumen a n d  a d i l u e n t  ( n a p h t h a  or v a r s o l )  
i n  t h e  p r e s e n c e  o€ t o l u e n e ,  benzene  or  methylene  c h l o r i d e ,  th ree  
commonly u s e d  s o l v e n t s  €or the  e x t r a c t i o n  of b i tumen from o i l  sands .  

E x p e r i m e n t a l  Methods 

a )  P r o t o n  nmr measurements w e r e  per formed on  a V a r i a n  EM-360 nmr 
s p e c t r o m e t e r  ( 6 0  MHz); 500 u1 of s o l u t i o n  w a s  used  i n  each case i n  a 
5 mm i n t e r n a l  d i a m e t e r  t u b e .  Carbon t e t r a c h l o r i d e  o r  t e t r a c h l o r o -  
e t h y l e n e  w a s  used a s  s o l v e n t .  Gain and a m p l i t u d e  w e r e  a d j u s t e d  t o  
g i v e  i n t e g r a t i o n s  w i t h i n  the r a n g e  o f  the char t  p a p e r  u s i n g  l o w e s t  
and  h i g h e s t  c o n c e n t r a t i o n s .  Once a d j u s t e d  a l l  the  p a r a m e t e r s  were 
k e p t  c o n s t a n t  f o r  s u b s e q u e n t  measurements .  I n t e g r a t i o n  l i m i t s  f o r  
the  aromatic r e g i o n  o f  benzene ,  CHp-group of methylene  c h l o r i d e  and 
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the CH3-group o f  t o l u e n e  are w e l l  d e f i n e d  and c a n  be e a s i l y  
measured. However, it i s  d i f f i c u l t  t o  d e c i d e  the s t a r t i n g  p o i n t  f o r  
the i n t e g r a t i o n  f o r  the  methyl  r e g i o n  o f  bi tumen,  v a r s o l  or n a p h t h a  
a t  ca-  1.0 ppm d o w n f i e l d  from t e t r a m e t h y l s i l a n e .  T h i s  i s  because o f  
the  o v e r l a p  of  the methylene  and  methyl  r e g i o n s .  It w a s  t h e r e f o r e  
d e c i d e d  t o  t a k e  t h e  mid p o i n t  o f  the  t w o  p e a k s  (methyl  and  
methylene)  as the s t a r t  f o r  the i n t e g r a t i o n .  The i n t e g r a t i o n  l i m i t s  
f o r  methyl  r e g i o n s  w e r e  t h e r e f o r e  as  i l l u s t r a t e d  i n  f i g .  0.3. 
P r o t o n  nmr s p e c t r a  f o r  bi tumen,  v a r s o l ,  b i tumen + v a r s o l ,  t o l u e n e ,  
benzene ,  methylene c h l o r i d e ,  b i tumen + v a r s o l  + t o l u e n e  and  b i tumen 
+ v a r s o l  + benzene a r e  shown i n  f i g u r e s  6-8 t o  i l l u s t r a t e  the  
p o r t i o n s  i n t e g r a t e d  f o r  c a l i b r a t i o n  c u r v e s .  

b )  P r e p a r a t i o n  o f  S t a n d a r d  Bitumen S o l u t i o n :  Bitumen w a s  e x t r a c t e d  
from a sample o f  h i g h  g r a d e  o i l  s a n d  u s i n g  t o l u e n e  i n  a S o x h l e t  
a p p a r a t u s  ( 2 ) .  N o n - f i l t e r e d  s o l i d s  were removed f r o m  t h e  b i tumen 
s o l u t i o n  by passage  t h r o u g h  a 0 .45  pm m i l l i p o r e  f i l t e r  p a p e r .  The 
s o l v e n t  was removed i n  a Brinkmann r o t a r y  e v a p o r a t o r  a t  100°C u n d e r  
reduced  p r e s s u r e .  The t o t a l  t i m e  r e q u i r e d  t o  remove the s o l v e n t  
from a 100 gram sample w a s  less t h a n  one h o u r .  The r e s i d u a l  s o l v e n t  
w a s  t h e n  measured u s i n g  i n f r a r e d  s p e c t r o s c o p y  ( 3 )  and p r o t o n  nmr. 

c)  C a l i b r a t i o n  Curves: (1) Bitumen: - A s t a n d a r d  sample o f  the  
bi tumen r e q u i r e d  f o r  t h e  c a l i b r a t i o n  c u r v e  w a s  p r e p a r e d  a s  o u t l i n e d  
above.  The amount o f  the  r e s i d u a l  t o l u e n e  q u a n t i t a t i v e l y  d e t e r m i n e d  
b y  i n f r a r e d  and p r o t o n  nmr, was a p p l i e d  a s  a c o r r e c t i o n  t o  the 
b i tumen c o n t e n t .  A s t o c k  s o l u t i o n  (35.0% w/v) o f  b i tumen i n  c a r b o n  
t e t r a c h l o r i d e  and a n o t h e r  i n  t e t r a c h l o r o e t h y l e n e  w e r e  p r e p a r e d  f rom 
the s t a n d a r d  bi tumen a c c u r a t e l y  weighed t o  the n e a r e s t  0.0001 gram. 
S e r i a l  d i l u t i o n s  o f  bi tumen,  r a n g i n g  i n  c o n c e n t r a t i o n  from 3-35%, 
w e r e  p repared  and the areas o f  the methyl  p e a k s  were d e t e r m i n e d  from 
t h e  i n t e g r a t i o n  of the p e a k s  a t  ca. 1 .0  ppn d o w n f i e l d  from tetra- 

b i tumen vs area of  the methyl  peak  produced a s t r a i g h t  l i n e  p a s s i n g  
through t h e  o r i g i n ,  w i t h  a s l o p e  o f  0.51. 

1 m e t h y l s i l a n e  i n  the p r o t o n  nmr spec t rum.  A p l o t  o f  the  p e r  c e n t  

% Bitumen = A r e a  of the  methyl  peak  
0.51 

j ( 2 )  D i l u e n t :  Measurements w e r e  made f o r  t w o  b i tumen d i l u e n t s ,  namely 
naphtha  and Varsol ( S t o d d a r d  s o l v e n t ) .  S o l u t i o n s  o f  b o t h  n a p h t h a  a n 9  

, Varsol r a n g i n g  i n  c o n c e n t r a t i o n s  from 3 4 0 %  w/v w e r e  p r e p a r e d .  Areas 
o f  the methyl peaks  a t  ca. 1.0 ppm downf ie ld  from t e t r a m e t h y l s i l a n e  
w e r e  de te rmined  as d e s c r i b e d  above  f o r  bi tumen.  The p l o t s  o f  the per 
c e n t  naphtha  and  Varsol vs a r e a  o f  the methyl  peak  produced  s t r a i g h t  
Lines  p a s s i n g  t h r o u g h  the o r i g i n .  S l o p e s  f o r  t h e  t'wo p l o t s  w e r e  1 .17  
and 0.95 for 8 w/v c o n c e n t r a t i o n s  and 0.85 and  0.75 r e s p e c t i v e l y  f o r  
% v / v  c o n c e n t r a t i o n s .  The c o n c e n t r a t i o n  o f  the d i l u e n t  w a s  
de te rmined  as f o l l o w s :  

, 

% Diluent = A r e a  of  methyl  peak 
S l o p e  

( 3 )  Toluene,  Benzene and Methylene C h l o r i d e :  Carbon t e t r a c h l o r i d e  
s o l u t i o n s  o f  t o l u e n e ,  benzene  and methylene c h l o r i d e  w e r e  p r e p a r e d  
r a n g i n g  i n  c o n c e n t r a t i o n s  from 1-20% (10% i n  t h e  case o f  b e n z e n e ) .  
Areas of the methyl  peak f o r  t o l u e n e ,  CH2-peak f o r  methylene  
c h l o r i d e  and aromatic peak  of  benzene  were measured from t h e i r  p r o t o n  
nmr s p e c t r a .  P l o t s  Of p e r  Cent  c o n c e n t r a t i o n  V s  areas w e r e  s t r a i g h t  
l i n e s  i n  each case. The c o n c e n t r a t i o n s  were c a l c u l a t e d  u s i n g  the 
f o l l o w i n g  e q u a t i o n s .  
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(v /v )  of Toluene = Area of the methyl  peak  
5 .64  

% ( v / v )  of Benzene = Area o f  the peak  from p r o t o n  nmr 
13.75 

Area o f  -CH2 peak  
% ( v / v )  o f  Methylene C h l o r i d e  = 

5.64 

( d )  D e t e r m i n a t i o n  o f  Varso l /Bi tumen i n  a m i x t u r e .  
A r e a  o f  the methyl  peak ,  measured as o u t l i n e d  i n  1 or 2 

above, r e p r e s e n t s  the t o t a l  a r e a  due t o  c o n t r i b u t i o n s  from b o t h  
d i l u e n t  and b i tumen.  Bitumen c o n c e n t r a t i o n  w a s  s e p a r a t e l y  determined 
p h o t o m e t r i c a l l y  by  measurements  o f  a b s o r p t i o n  a t  530 nm. Knowing 
the c o n c e n t r a t i o n  of b i tumen the  area o f  the methyl  p e a k s  due t o  
b i tumen c a n  b e  d e t e r m i n e d  from the e q u a t i o n  i n  1 above. 

A r e a  o f  t h e  methyl  p e a k s  i n  b i tumen = 0.51  x 8 (w/v) Bitumen 

C o n c e n t r a t i o n  o f  the d i l u e n t  c a n  t h e n  be c a l c u l a t e d  as f o l l o w s :  

T o t a l  Area of the methyl  peak  - Area due t o  b i tumen C H 3  g r o u p  

s l o p e  

R e s u l t s  and D i s c u s s i o n  

The c a l i b r a t i o n  c u r v e s  f o r  benzene ,  toLuene ,  methylene  
c h l o r i d e ,  b i tumen and d i l u e n t s  (Suncor  naphtha  and  Varsol)  a r e  shown 
i n  f i g u r e s  1, 2 and 3. All plots  a r e  good s t r a i g h t  l i n e s  w i t h  zero  
i n t e r c e p t s .  This i s  i n d i c a t i v e  o f  the e x i s t e n c e  o f  a l i n e a r  c o r r e l a -  
t i o n  be tween t h e  p e r  c e n t  c o n c e n t r a t i o n s  and  the area o f  t h e  p r o t o n  
nmr s i g n a l s  e tnphasis ing the u s e f u l n e s s  of p r o t o n  nmr i n  the q u a n t i t a -  
t i v e  e s t i m a t i o n  o f  c o n c e n t r a t i o n s .  

The measurements i n v o l v i n g  b i tumen and d i l u e n t  w e r e  performed 
i n d e p e n d e n t l y  i n  t w o  s o l v e n t s ,  c a r b o n  t e t r a c h l o r i d e  and t e t r a c h l o r o -  
e t h y l e n e .  R e s u l t s  w e r e  found t o  be i n d e p e n d e n t  o f  the  s o l v e n t  
i n d i c a t i n g  n o  loss due t o  e v a p o r a t i o n  o f  the  c a r b o n  t e t r a c h l o r i d e  
d u r i n g  the p e r i o d  o f  measurement. Benzene, t o l u e n e  and methylene  
c h l o r i d e  w e r e  o n l y  s t u d i e d  i n  c a r b o n  t e t r a c h l o r i d e .  

Procurement  o f  u n a l t e r e d  s t a n d a r d  samples  o f  b i tumen from o i l  
sands  i s  a ser ious  problem r e c o g n i s e d  by C l a r k  i n  1950 (1).  O i l  does  
n o t  separate from the n a t i v e  s a n d s  and  water w i t h o u t  the u s e  o f  
e i t h e r  chemica l  a g e n t s ,  s o l v e n t ,  hea t  or ex t reme mechanica l  f o r c e ,  
a l l  o f  which may s i g n i f i c a n t l y  a l t e r  the o i l .  S i n c e  no method o f  
s e p a r a t i o n  e x i s t s  t h a t  c a n  g u a r a n t e e  a n  o i l  sample f r e e  from a l t e r a -  
t i o n ,  the  f i r s t  p roblem e n c o u n t e r e d  i n  o b t a i n i n g  a s t a n d a r d  sample 
o f  bi tumen is t h e  deve lopment  of a n  a c c e p t a b l e  s e p a r a t i o n  procedure .  
Of t h e  v a r i o u s  s e p a r a t i o n  methods,  s o l v e n t  e x t r a c t i o n  o f  b i tumen from 
o i l  sands  has  been  recommended as the m o s t  s u i t a b l e  method f o r  t h i s  
p u r p o s e  ( 3 ) .  

The major drawback of s o l v e n t  e x t r a c t i o n  methods i s  the  f a c t  
that  it is n o t  p r a c t i c a l  t o  c o m p l e t e l y  remove a l l  r e s i d u a l  s o l v e n t  
f r o m  the  b i tumen.  Hence a n a l y t i c a l  t e c h n i q u e s  are r e q u i r e d  t o  d e t e r -  
mine the  r e s i d u a l  s o l v e n t  c o n c e n t r a t i o n .  Again p r o t o n  nmr i s  found 
t o  be v e r y  u s e f u l  f o r  d e t e r m i n i n g  commonly used  p r o t o n a t e d  s o l v e n t s  
s u c h  as t o l u e n e ,  benzene  and methylene  c h l o r i d e s .  

d e t e r m i n e d  f r o m  p r o t o n  nmr compare r e a s o n a b l y  w e l l  w i t h  the a c t u a l  
C o n c e n t r a t i o n s  of t o l u e n e ,  benzene and methylene  c h l o r i d e  
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\ 
v a l u e s .  Accuracy o f  the nmr ne thod  i s  e v i d e n t  from the  v a l u e s  o f  the 
s t a n d a r d  d e v i a t i o n s  o f  i 0.116, r 0.177 and  i 0.318 r e s p e c t i v e l y .  A 
p l o t  Of Actua l  v s  Found c o n c e n t r a t i o n s  i s  shown i n  f i g .  4. I n  t he  
case Of benzene or t o l u e n e  the z e r o  i n t e r c e p t  and s l o p e  o f  1 are 
i n d i c a t i v e  of good a c c u r a c y .  I n  the case o f  methylene  c h l o r i d e  
s i g n i f i c a n t  e r r o r s  a r e  i n t r o d u c e d  because o f  the h i g h  v o l a t i l i t y  o f  
t h i s  s o l v e n t  (b.p. 39.8'C) which makes i t  d i f f i c u l t  t o  p r e p a r e  
s t a n d a r d  s o l u t i o n s  b e c a u s e  of e v a p o r a t i v e  losses. Hence a much 
h i g h e r  r e l a t i v e  s t a n d a r d  d e v i a t i o n  of f 1 . 0 3 3  w i t h  r e s p e c t  t o  l ea s t  
s q u a r e s  p l o t s  of  d a t a  a t  d i f f e r e n t  c o n c e n t r a t i o n s .  To remedy the  
problem of e v a p o r a t i o n  o f  t h e  s o l v e n t s  from the nmr t u b e s  w e  f i n d  it 
h e l p f u l  to  use t e E l o n  s t o p p e r s  r a t h e r  t h a n  r e g u l a r  p l a s t i c  caps. 
B e s i d e s  reducing  e v a p o r a t i o n  the  t e f l o n  caps a re  more r e s i s t a n t  t o  
s o l v e n t  a t t a c k ,  p a r t i c u l a r l y  by the c h l o r i n a t e d  s o l v e n t s .  

Rapid and re l iab le  d e t e r m i n a t i o n  o f  d i l u e n t  ( V a r s o l / N a p h t h a )  
i n  b i t u m e n / d i l u e n t  m i x t u r e s  i s  e s s e n t i a l  f o r  p r o c e s s  c o n t r o l  and  
material b a l a n c e  c a l c u l a t i o n s  both i n  hot w a t e r  p r o c e s s  and s o l v e n t  
e x t r a c t i o n  s p h e r i c a l  a g g l o m e r a t i o n  process f o r  the  e x t r a c t i o n  o f  
bi tumen E r o m  o i l  s a n d s .  The t r a d i t i o n a l  methods for the d e t e r m i n a t i o n  
o f  d i l u e n t  do n o t  g i v e  t h e  r e q u i r e d  d e g r e e  o f  a c c u r a c y .  The concent -  
r a t i o n s  o f  Varso l  as  d e t e r m i n e d  from p r o t o n  nmr measurements a re  
shown i n  f i g .  5 as  a p l o t  o f  the a c t u a l  c o n c e n t r a t i o n s  a g a i n s t  c a l c u -  
l a t e d  c o n c e n t r a t i o n s .  Zero i n t e r c e p t  and a s l o p e  of 1 i n d i c a t e s  a 
v e r y  good l i n e a r  c o - r e l a t i o n .  A s t a n d a r d  d e v i a t i o n  o f  f 0 . 2 8 1  (wt .S)  
w a s  c a l c u l a t e d  f o r  these r e s u l t s .  This a g a i n  d e m o n s t r a t e s  the  a c c u r -  
a c y  of the nmr method. Advantages o f  the nmr method i n c l u d e  h i g h e r  
p r e c i s i o n ,  s h o r t e r  a n a l y s i s  t i m e  ( a c t u a l  a n a l y s i s  t i m e  ca.  2 m i n u t e s ) ,  
b r o a d e r  range  of a p p l i c a b l e  c o n c e n t r a t i o n s  (0.2-7006) and s m a l l  
q u a n t i t y  o f  the non-consumable sample  needed f o r  a n a l y s i s  (500 ~ 1 ) .  

, 
Bitumen and d i l u e n t  c a n  he d e t e r m i n e d  s e p a r a t e l y  by p r o t o n  

I nmr, i n  a l l  the common s o l v e n t s ,  e . g .  benzene,  t o l u e n e ,  methylene  
c h l o r i d e ,  carbon t e t r a c h l o r i d e  and  other non-pro tona ted  s o l v e n t s .  
The r e s u l t s  a r e  a t  l ea s t  a s  accurate  a s  o b t a i n e d  by other methods. 

One o f  the peaks  o f  t h e  d i l u e n t  spec t rum o v e r l a p s  w i t h  t h e  
methyl  peak for  t o l u e n e .  Also, there i s  a n  o v e r l a p  be tween the 
a r o m a t i c  r e g i o n  o f  the  benzene and d i l u e n t .  Hence, a n  a c c u r a t e  d e t e r -  
m i n a t i o n  o f  the c o n c e n t r a t i o n s  o f  benzene  or  t o l u e n e  i n  p r e s e n c e  o f  
d i l u e n t  i s  n o t  p o s s i b l e  u s i n g  t h i s  method. However, t h e  p r e s e n c e  o f  
t o l u e n e  or benzene d o e s  n o t  e f f e c t  the  d e t e r m i n a t i o n s  o f  the  concent -  
r a t i o n s  of bi tumen or d i l u e n t .  
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Fig .  1. C a l i b r a t  

t h e  lH nmr peaks .  

A .  

V on Curves .  C o n c e n t r a t i o n s  (;%) vs  a r e a  of 

B e n z e n e 0  : Toluene 0 : methylene  c h l o r i d e  

F ig .  2 .  C a l i b r a t i o n  Curves .  C o n c e n t r a t i o n s  (E%) vs a r e a  of  

t h e  methyl p r o t o n  nmr peaks .  

Suncor  Naphtha A . 

V 

Bitumen 0 : Stodda rd  s o l v e n t  0 : 
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\ 

V Fig. 3. Calibration Curves. Concentration (7%) vs area of 
the methyl proton nmr peaks. Varsol 0; Suncor Naphtha A. 

CONCENTRATION (actual) O/O v/v 
V Fig. 4. Plot of the concentrations (;%), Actual vs Found. 

Benzene 0 ; Toluene 0 : methylene chloride h . 



3 
VARSOL CONCENTRATION (actual) O/O w/v 

Fig. 5 .  P l o t  o f  t he  V a r s o l  c o n c e n t r a t i o n  a c t u a l  vs  Varsol 

c o n c e n t r a t i o n  found.  

- C 

a - 

Fig. 6 .  lH n.m.r. s p e c t r a  of a )  Bitumen b) Stoddard  s o l v e n t  

c)  Bitumen + S t o d d a r d  s o l v e n t .  19 4 
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Fig .  7. lH n.m.r. s p e c t r a  of a )  Bitumen + Toluene  

b) Bitumen + methylene  c h l o r i d e  c )  Bitumen + Benzene. 

u 
8 7 6 
u 
8 7 6  

3 - ia 2 I 0 

7 a 

Fig .  8. l H  n.m.r. s p e c t r a  of a) Bitumen + Toluene  + Stoddard  

s o l v e n t  b , c )  Bitumen + Benzene + Stodda rd  s o l v e n t .  
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